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A method is described for the spectrophotometric determination 
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of trace amounts of bismuth(II) after separation by coprecipitation of 
its 2-mercaptobenzothiazole complex with naphthalene. 2-mercapto-
benzothiazole reacts with bismuth(II) to form a water-insoluble complex, 
which is easily coprecipitated with micro-crystalline naphthalene and 
the resulting mixture of the complex and naphthalene is dissolved in 
DMF. The absorbance of the solution is measured at 394 nm to determine 
the trace amounts of bismuth(II). The various factors such as pH, 
amounts of reagent and naphthalene, shaking time, standing time and 
diverse ions are studied. 
Introduction 
2-mercaptobenzothiazole sodium salt reacts with various metals 
such as copper(orange yellow), cadmium(white), lead(white), zinc(white), 
iridium(yellow), bismuth(yellow), nickel(brown), gold(yellow white), 
cobalt(green), thallium(yellow green), mercury(yellow white), etc. to 
form water-insoluble complexes. This reagent has been established as 
one of the most frequenctly recommended precipitants for the gravimetric 
standardization of copper l ), cadmium2), iridium3), thallium4 ). Since 
1930, spectrophotometry has been extensively used to determine the trace 
amounts of metals along with the developement of instrumental technique. 
In addition, solvent extraction method becomes one of the most popular 
method for the spectrophotometric determination of trace metals. 
We have already developed a new method for the spectrophotometric 
determination of the trace metalsS)-lS ) using naphthalene as an ex-
tractant, as well as solvent extraction by chloroform or benzene. 
In 1962, Tappmeyer and Pickett reported the studies on the co-
precipitation of metal complexes with organic coprecipitant like ,-
naphthol and Phenolphthalein16 ). Furthermore, we have studied on the 
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determination of metals after separation by coprecipitation of metal 
complexes with naphthalene. In the present paper, bismuth(II) was 
hosen as a metal to be coprecipitated with naphthalene and was de-
termined spectrophotometrically. This method is based on the for-
mation of the bismuth complex, the coprecipitation of the complex with 
naphthalene and dissolution of the naphthalene mixture in organic 
solvents. This new spectrophotometric method for the determination 
of trace amounts of bismuth(IIl is reported in detail. 
2 Experimental method 
Reagents and apparatus 
Standard bismuth solution, 20 ppm. Prepared by diluting 
20 ml of standard bismuth solution(lOOO ppm, Wako Pure Chemical Co.) 
to 1000 mI. 
2-mercaptobenzothiazole solution, 0.5%. Prepared by dissolving 
0.5 g of 2-mercaptobenzothiazole in 100 ml of water. 
Buffer solution was prepared by mixing 1M acetic acid and 1M 
ammoniQm acetate solution, or 1M ammonia water and 1M ammonium acetate 
solution. 
All other chemicals were of analytical-reagent grade~ 
Deionized water was used. 
The absorbance measurements were performed on a Hitachi 200 20 
spectrophotometer, in matched 10 mm glass cells. The pH values of the 
solutions were measured a Toa Dempa, HM-5A, equipped with combined 
glass and calomel electrodes. 
3 Procedure 
Pipette 1-10 ml of 20 ppm standard bismuth solution into 100 ml 
tightly stoppered Erlenmeyer flask, dilute with water to about 40 ml of 
total volume, and add 2.0 ml of the acetate buffer solution(pH 4.5) and 
10 ml of 0.5% 2-mercaptobenzothiazole solution. Mix well and digest 
the solution completely for 10 min,resulting in the precipitation of 
the complex. After digestion, add 2.0 ml of 20% naphthalene-acetone 
solution and shake it for 1 min vigorously. Thus the complex is co-
precipitated with micro-crystalline naphthalene. Separate the mixture 
of the complex and naphthalene through a funnel with disc shaped filter 
(filter paper, No. 5C, Toyo Roshi, osaka, Japan) by aspiration. Wash 
with water and dry in a dryer at about 60°C. Then dissolve it in DMF 
and dilute to 10 mI. Measure the absorbance of the solution in 10 mm 
glass cell against the reagent blank prepared similarly. Calculate 
the trace amounts of bismuth(II) from a ealibration curve. 
4 Results and discussion 
4.1 Absorpt';on spectra 
Bismuth(II) in the test solution containing 100 ~g of bismuth(II) 
was coprecipitated with micro-crystalline naphthalene as the complex 
of 2-mercaptobenzothiazole at pH 4.5. The mixture of the bismuth 
complex and naphthalene was dissolved in DMF, and the absorbance of the 
solution was measured at various wavelengths between 355 and 440 nm. 
Fig. 1 shows the absorption spectra of' the reagent blank and the 
complex in naphthalene-DMF solution. The maximum absorbance occurs at 
394 nm, at which the absorbance of the reagent blank is very small. 
Wavelength 394 nm was chosen for the absorbance measurement. 
4.2 Effect of pH 
The relationship between the absorbance of the complex and the 
pH of the solution was investigated in the pH range 1-9. The pH 
measurements were made after coprecipitation. The result obtained is 
shown in Fig.2. The maximum absorbance is obtained in the pH range 
2.2-6.4, and below and above this pH range, the absorbance decreases 
sharply. From these exp~rimental data, a pH range of 2.2-6.4 is 
suitable for the quantitative coprecipitation of the complex. 
fore, a pH 4.5 was chosen for the absorbance measurement. 
There-. 
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FIG, 2 EFFECT OF pH 
BI : 100 ~G j WAVELENGTH : 394 NM j 0.5% 
2-MERCAPTOBENZOTHIAZOLE : 10 ML ; DIGESTION 
TIME: 10 MIN; 20% NAPHTHALENE-ACETONE 
2,0 ML j STANDING TIME: IO MIN 
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3 
4 
4.3 Effect of reagent concentartion 
The effect of 2-mercaptobenzothiazole concentartion on the ab-
sorbance was investigated by varying the amount of 2-mercaptobenzo-
thiazole in the solutions containing 100 ug of bismuth(II) at pH 4.5. 
The result obtained is shown in Fig. 3·. With increasing tme amount 
of 0.5% 2-mercaptobenzothiazole solution, the absorbance increased 
sharply up to 4.0 ml, slowly up to 8.0 ml and remained almost constant 
in the range 8.0-16.0. Therefore, 10 ml of 0.5% solution were added 
for the absorbance measurement. 
4.4 Effect of buffer solution 
The variation of the absorbance with the acetate buffer solution 
(pH 4.5) was investigated in the region 0.5-5.0 mI. From the experi-
mental data, the addition of 0.5-5.0 ml of the buffer solution gave 
the almost no difference in the absorbance. Therefore, 2.0 ml of 
buffer solution were added for the measurement. Fig.4 shows the 
result. 
0.8 
UJ 
0.6 
u 
z 
« 
I:Q 0.4 c:: 0 
C/) 
I:Q 
c:x:: 
0.2 
o 
o 2 4 5 8 10 12 14 16 
0.5% 2-MERCAPTOBENZOTHIAZOLE, ML 
FIG. 3 EFFECT OF REAGENT CONCENTRATION 
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4.5 Effect of digestion time 
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The sample solution containing the bismuth complex was digested 
at room temperature, and the coprecipitation of the complex on micro-
crystalline naphthalene was carried out according to the recommended 
procedure. The digestion of the complex for up to 30 min gave no 
changes in the absorbance. Therefore, 10 min of digestion time were 
selected for the measurement. 
4.6 Effect of naphthalene concentration 
The bismuth complex in the solution was coprecipitated with 
addition of 0-5.0 ml of 20% naphthalene-acetone solution by vigorous 
shaking for 1 min, and the result obtained is shown in Fig.5. The 
complex was completely coprecipitated with 1.0 ml of 20% naphthalene-
acetone solution. Therefore, 2.0 ml of 20% solution were the most 
proper amount f~r the complete coprecipitation of the complex. 
4.7 Effect of shaking time and standing time 
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The effect of shaking time on the absorbance was investigated 
according to the recommended procedure. One second of shaking time 
was sufficient to the complete coprecipitation of the complex. There-
fore, 1 min of shaking time was selected for the measurement. 
The mixture of the bismuth complex and naphthalene was dissolved 
in DMF and the effect of standing time on the absorbance was studied. 
The result obtained is shown in Fig.6. The color of the complex was 
stable for 100 min and afterward decreased slowly. 
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4.8 Effect of volume of aqueous phase 
The volume in the aqueous phase containing fixed bismuth and 
2-mercaptobenzothiazole was varied from 40 to 400 ml, and the copre-
cipitation of the complex was carried out according to the recommended 
procedure. The result obtained is shown in Fig.7. The absorbance 
was almost constant up to 100 ml and then decreased gradually with the 
volume in the aqueous phase. 
4.9 Calibration curve 
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With the optimum conditions described above, the calibration 
curve for bismuth determination was established at the wavelength of 
394 nm against the reagent blank. The result obtained is shown in 
Fig.B. It was linear over the range of 10 - 200 }lg of bismuth in 
10 ml of DMF. The molar absorptivity was calculated to be 2.1 x 104 
-1 -1 4 l·mol ·cm at 39 nm, and the sensitivity 0.0099 ~g of bismuth per 
cm
2 for the absorbance of 0.001. Ten sample solutions containing 50 
}lg of bismuth, prepared by recommended procedure, gave a mean ab-
sorbance of 0.504, with a standard deviation of 6.27 x 10-3 or a 
relative standard deviation of 1.24%. 
4.10 Choice of solvent 
Various solvents were used to dissolve the bismuth complex and 
naphthalene. This complex is soluble in DMF, propyrene carbonate and 
nitrobenzene at room temperature, but insoluble in acetonitrile, MIBK, 
benzene, toluene, xylene, chlorobenzene, O-dichlorobenzene, dichloro-
ethane, chloroform, acetone, etc. even at 60°C. The complex was de-
colored in dioxane and DMSO after 5 - 20 min. 
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Various ions(alkali metal salts or metal ions) were added indi-
vidually to the solutions containing 100 ~g of bismuth, and their 
effects on the absorbance examined. The test solution was coprecip-
itated with 0.4g of naphthalene at room temperature. The following 
alkali metal salts and metal ions did not interfer : Na2S04' KN03 , 
KBr, KI, CH3cooNa, KCN, ca
2+, Pt 4+, Hg2+, cr6+, Mg~+, Fe3+, Cd 2+, 
Zn2+, Pb 2+, Ni 2+. The following gave interference: Sodium 
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3+ tartrate, sodium oxalate, EDTA, NaCl, NH 4Cl, Na2HP04 , NaH2P04 , Au , 2+ 2+ 2+ Co ,Mn , Cu . Especially small amounts of EDTA gave serious 
interference. 
Tables 1 and 2. 
The experimental results described above is shown in 
Table 1 Effect of diverse alkali metal salts 
Salts Amount added (mg) Absorbance 
0.504 
Na 2S04 100 0.498 
" 500 0.514 
KN0 3 100 0.496 
" 500 0.489 
KBr 100 0.487 
" 500 0.480 
KI 100 0.505 
" 500 0.513 
Na2S03 100 0.502 
II 500 0.535 
" 1000 0.540 
Na2Co 3 100 0.517 
" 500 0.501 
" 
1000 0.168 
CH3cooNa 500 0.512 
" 1000 0.506 
Sodium tartrate 20 0.494 
" 50 0.380 
It 100 0.362 
" 
500 0.052 
Sodium oxalate 4 0.504 
" 
20 0.365 
" 
100 0.035 
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EDTA 0.02 0.464 
" 0.05 0.399 
" 0.10 0.266 
" 
1.00 0.150 
KCN 1.00 0.501 
" 
5.00 0.517 
Bi 100 ).lg, pH : 4.5, Naphthalene : 0.4g 
Table 2 Effect of diverse metal ions 
Metal ions Amount added (pg) Ab€>orbance 
0.504 
ca2+ 1000 0.513 
" 2000 0.503 
If 3000 0.515 
" 5000 0.463 
pt 4+ 10 0.516 
If 20 0.503 
" 50 0.525 
" 
100 0.524 
Au3+ 10 0.491 
" 20 0.474 
" 50 0.304 
" 100 0.148 
Hg2+ 100 0.512 
" 
200 0.499 
" 300 0.513 
" 
400 0.365 
cr6+ 100 0.513 
" 200 9·502 
" 300 0.521 
" 
400 0.510 
Mg2+ 1000 0.510 
" 2000 0.502 
II 3000 0.304 
Fe3+ 100 0.518 
" 
200 0.514 
" 
300 0.517 
II 400 0.511 
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C0 2+ 10 0..512 
" 20 0.497 
" 50 0.453 
" 100 0.306 
Cd 2+ 10 0.505 
" 20 0.508 
Ii 50 0.513 
" 100 0.509 
" 200 0.501 
Zn 2+ 100 0.506 
" 200 0.503 
" 300 0.495 
" 400 0.405 
Mn2+ 5 0.510 
" 10 0.506 
" 20 0.475 
" 50 0.451 
Pb 2+ 10 0.505 
" 20 0.513 
" 100 0.524 
" 300 0.527 
Cu 2+ 5 0.511 
" 10 0.499 
" 20 0.516 
" 50 0.562 
" 100 0.616 
" 150 0.734 
Ni 2+ 5 0.502 
" 10 0.498 
" 50 0.504 
" 200 0.499 
" 300 0.496 
Bi 100 }lg, pH 4.5, Naphthalene 0.4g 
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